Physi cal Vapor Deposition Poly-p-phenylene sulfid Filmas a Bottom -/« 3
Anti-reflective Coati ng on Pol yS|I|con
Background of Invention 1) Field of the Invention +yThi.§
invention relates generally to nethod of etching patterns in a conductive

| ayer in a sem conductor device using a Poly-p-phenyl ene sul fide (PPS)
bottom Anti-reflective coating (BARC) and nore particularly to a nmethod for
formi ng Pol y-p-phenyl ene sul fide (PPSr lsing Physical Vapor Deposition
(PVD) as a Hdvsisal ¥anor-Deposision; Rody-penttenylene splfidy Fipeas 2,BpHppcd ntiweflective oy
and etching the conductive | ayer. o%lmgﬁﬁcifo'l & of the Prior Art

A mgj or chal |l enge of sem conduct or actdring is patterning |ayers of
smal l er dinensions. In order to pattern |ayers using |ight exposure

phot or esi st processes, often a bdackgrommdiof In¥dngioni ve coating (BARC) is
formed over the layer to be patterned . The bottom anti-reflective coating
(BARO) | a excess light that is reflected off the underlying

| ayer thus %reg@éﬁg‘&?& PR of | ected | ght fromdistorting the photoresist
pattern . Problemw th current bottomanti-reflective
coating (BARC) | ayers 'Ehliaain(/én)iohhdhtek gendn:itﬁtonmealmdi ofretdhingrpattems toatomiystive
(BARC) arg difficult to ve and ( di nrensions) are

di fficul tﬁP'B’ BAremgon ‘&S {ELsEe at}?d%h! %ﬁmqg’ersé‘ﬁ‘@é??é)e bttom ARTe

layer ar ecé@fngeahm %ér’é Lh&marlg g&ﬁe&ﬂda%r emu@r B@?ﬁpcpﬂé?t?l%ﬁé fl1Eds gps)as
organi ¢ polyners. BARC | aes co Si ON or ahic material are
current | yusisgdhysicalsV apgr Eeposulomaﬂ?wg) asTladaopomlahmﬂnctxhe ¢dating (BARES)s over at hat

oS! dues gt o5 TRSr A Rk tht bR SR O1 5 not adequate

2) Description of the Prior Art

A major challenge of semiconductor manufacturing is patterning layers of
smaller dimensions. In order to pattern layers using light exposure photoresist processes, often a
bottom anti-reflective coating (BARC) is formed over the layer to be patterned . The bottom
anti-;e(iective coating (BARC) layer absorbs excess light that is reflected off the underlying

layer thus preventing the reflected light from distorting the photoresist pattern .

Problem with current bottom anti-reflective coating (BARC) layers are (1)
that the bottom anti-reflective coatings (BARC) are difficult to remove and (2) that CD (critical
dimensions) are difficult to control. Conventional bottom anti-reflectiyve coating (BARC) layer
are formed of SiON (silicon oxynitride) and organic materials such as organic polymers . BARC
layers composed of SiON or organic material are currently removed using wet cleaning . The

problem with this process is that residues are formed and polysilicon CD control is not adequate.

Another problem with current BARC process is the inadequate planarization.

Inorganic and organic BARCs are usually formed by CVD and spin-coating. The formed layers

* have non-uniformity in which thickness of edge is larger than in the center.

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as documented by

the relevant patent and technical literature. The closest and apparently more relevant technical



Anot her problemw th current BARC process is the inadequate planarization.

| norgani c -and organi ¢ BARCs are usually fornmed by CVD and spin-coating. The
formed | ayers have non-uniformty in which thickness of edge is larger than
in the center. The i nmportance of overcom ng the various
deficiencies noted above is evidenced by the extensive technol ogi cal

devel opnent directed to the subject, as docunented by the rel evant patent
and technical literature. The cl osest and apparently nore rel evant

t echni cal -2 - - 2-

devel opnments in the patent literature can be gl eaned by considering US US
5169494 (delealbpmerite)n thEipaenplitetatire chwbepleanatttyomisidediiipwESa U SheHodf

f ' t hr. it havi bot t lectricall duct i
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(el ectri galiny aGRRERCIEMRally conducting organic polymet/® nﬁdéﬁgn&g%im&%ﬂ@ﬁkop &S
5,198, 153( Angel opoul 0os), and US 5, 545; 588% Y%o) shows ot her -

phot ol i t heam agsist daysr (rlestenadly chndudsivek, An I ntroduction to Ml ecul ar -
El ectronics, Edited by Mchael C. Petty, Martin R Bryce and David Bl our,

11, " organi o Wol ecul al et e WREROL 3 o8l s R BRI AT hos ot

form ng W 34505881V 60) shbWh other photolithographic processeb.eTRe b&ole AncReroliRéticn o
| nproved process of patterning go%& i con and pol yci de structures that
al | ow ead¥feleciar Elgetranics, (editescby Michagh€i Prityq Miarin RpBaxceaad DavidRlgwy Firsand

lb ﬁ;‘/éﬁ: i (F;'rg?dﬁﬁéd ﬁWiﬂnAmold, London (1995), M. Hara and S. Sasabe, Chapte?‘l’lrﬂ%r)éaﬂt: the

Molecular Beam Epitaxy", p244 - 245, discuss techniques for forming ultra thin films.

There is a need for an improved process of patterning polysilicon and polycide
structures that allow easier bottom anti-reflective coating (BARC) photoresist removal and

better planarization.
Summary of the Invention

It is an object of the present invention to provide a method for patterning a

conductive layer, such as polysilicon or polycide, using a BARC layer that is easy to remove and

planarize.

It is an object of the present invention to provide a method Tor patterning a
conductive layer, such as polysilicon or polycide, using a BARC layer formed by a Physical

Vapor Deposition (PVD) technique using Poly-p-phenylene sulfide (PPS).

It is an objective of the present invention to better control polysilicon CD,
using a bottom anti-reflective coating (BARC) layer formed by a Physical Vapor Deposition
(PVD) technique using poly-p-phenylene sulfide (PPS).



It is an object of the present invention to provide a nethod for patterning
a conductive | ayer, such as polysilicon or polycide, using a BARC | ayer
that is easy to renove and pl anari ze. It is an object of
the present invention to provide a nethod for patterning a conductive

| ayer, such as polysilicon or polycide, using a BARC | ayer forned by a
Physi cal Vapor Deposition (PVD) techni que using Poly-p-phenyl ene sul fide
(PPS). It is an objective of the present invention to
better control polysilicon CD, using a bottlom anti-reflective coating
(BARC) layer forned by a Physical Vapor Deposition (PVD) gechni_ﬂue usi ng
pol y- p- phenyl ene sul fTalacomplish the above objectives, the present invention provides a method

| nvent i offehpoRRND ROk RBAerR AT (BP B ety Tt e g ABS)

filmas @n?@l&r&iﬂﬁb@&ﬁﬁd?@&é.eﬁ I ve coating (BARC) on polysilicon or polycide.

A nethod of étching patterns in conductive |ayers conprising the steps of:
a) figure 2- form ng conductive |ayer 26 over a sem conductor structure
10; b) f&rmethed af etehipg papieranin wndudtivefayges qommpsisingthe steppover

t he conductive | ayer; (1) the Poly-p-phenyl ene

sul fi de (PPS) | ayg);. 3@%&9 'gg’?’.“#? %ﬁt&ég@ie‘?% over a semicondu¥fR HruddGROfY; L1 ON

(PVD) process conptisinhg
b) forming a Poly-p-phenylene sulfide (PPS) layer 30 over the conductive layer;

(1) the Poly-p-phenylene sulfide (PPS) layer 30 formed using a Physical
' Vapor Deposition (PVD) process comprising heating a Poly-p-
phenylene sulfide (PPS) source;

c) forming a photoresist pattern 34 over the Poly-p-phenylene sulfide (PPS) layer
30 ; the Poly-p-phenylene sulfide (PPS) layer acting as a bottom Anti-
reflective coating (BARC) ;

d) figure 2 - etching the conductive layer 26 using the photoresist pattern 34 and
as a mask forming a conductive pattern;

e) Fig 3 - removing the photoresist pattern 34;

f) Fig 4 - removing the Poly-p-phenylene sulfide (PPS) layer ; the removal of
the Poly-p-phenylene sulfide (PPS) layer performed by heating the Poly-p-
phenylene sulfide (PPS) layer to a temperature of between-about 250 and
500 °C, and at a pressure between about 10 ® and 10” torr, and vaporizing
the Poly-p-phenylene sulfide (PPS) layer .

The PPS BARC layer of the present invention provides the following

advantages:

e The PPS BARC layer is easy to apply with the invention's Physical Vapor Deposition (PVD)

method and completely removed using invention's the heating and vaporization process

* The PPS BARC has superior planarization. PPS film can be formed by heating PPS source
in a vacuum environment and has highly crystalline structure or nearly single -crystalline
structure with ca. 10 nm thickness. That is, the film is formed layer by layer. It greatly

improves the problems of planarization that normal inorganic or organic BARC has.



phenyl ene sul fide (PPS) source; . c) formng a photoresist
pattern 34 over the Poly-p-phenylene sulfide (PPS) |ayer _
30; the Poly-p-phenyl ene sulfide (PPS) |ayer acting as a bottom Anti -

reflective coating (BARC); d) figure 2 - etching the
conductive |layer 26 using the photoresist pattern 34 and

as a mask form ng a conductive pattern; e) Fig 3 - renoving

t he photoresist pattern 34; f) Fig 4 - renoving the

Pol y- p- phenyl ene sulfide (PPS) |ayer; the reguval of t he

Pol y- p- phenyl ene sulfide (PPS) | ayer perfornmed by heating the Poly-p-
phenyl eneesl{eiRRS BRRE)prbeidey bétter Hiné aidik cohtrsl @vef topegrapten walidilis a? 8uand
500 [err]C, and at 3 pressure between about 10[err] and 10[err] torr, and
vapori zi ng encountered as organic BARGds wsgfly - p- phenyl ene sul fide (PPS) |ayer.

The PPS BARC | ayer of the present invention provides the foll ow ng

advant ages: [ ' :

i nvention's Tlg{ﬁ?slfgcgﬁi%s??égg\% t’%‘?gﬁ&f B?/e[% Eryerﬂng? %ﬂ%tﬂgwg} gﬁc{/n :
renoved usi rrgsistancerin RJB'etcht he heati ng and vapori zation process [err] The
PPS BARC has superior planarization. PPS filmcan be formed by heating PPS

source i a vacuum gnvi r,onmnent s hi ghl.y crystalline,st.ructure or
Somr Ty si gl Aidhy BELETHERD BRATE RS RS, Gietinac BY R e e Rba ot (%
the filmis formed layer by layer. It greatly I nproves the probl ens of
pl anari zabi Ehabedthd e Brlany NogAIphi RbcAS GRNitEL BAREsshas -

-4- [err] The PPS BARC providé&s better Iine wdth control over topography,
which is an issue

-

Additional objects and advantages of the invention will be set forth in the
description that follows, and in part will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the invention may be realized and
obtained by means of instrumentalities and combinations particularly pointed out in the append

claims.
Brief Description of the Drawings

The features and advantages of a semiconductor device according to the
present invention and further details of a process of fabricating such a semicqp;iuctor device in
accordance with the present invention will be more clearly understood from the following
description taken in conjunction with the accompanying drawings in which like reference

numerals designate similar or corresponding elements, regions and portions and in which:
Figure 1 is a structural representation of Poly-p-phenylene sulfide (PPS).

Figures 2, 3, 4, and S are cross sectional views for iflustrating a method for
‘patterning a conductive layer using the invention's PPS BARC layer according to the present

invention.



encountered as organic BARC is used. [err] The PPS BARC nmakes CD contr ol
nore precisely because the PPS fil mhas high etch resistance in RIE

etch. [err] A lows the use of very thin layers of PPS filmto elimnate
or m.nim ze etch bias. [err] Enables the use of any |ithographic process

and etch process. Addi ti onal objects and advant ages
of the invention wll be set forth in the description that follows, and in
part will be obvious fromthe description, or may be | earned by practice of

the invention. The objects and advant ages_of 1he invention may be realized
and obtai ned by nmeans of instrunentalities and conbinations particularly
poi nted out in the appBethiled Deseription of the Preferred Embodiments Brief
Description of the Draw ngs The features and advant ages

of a sem conductor deyi ce accordi.ng t.Q.the esent i.nvention and further
details of a process ‘Of PFERY ‘E‘é&‘ﬁ“ﬁg %ﬁ@ﬁga“g@ﬁ‘?b‘bﬁ&ﬁﬂgwﬂ r%tgwgeetqtﬁe
accordan ' : F=XNC! [ t:l i | sl rom
Ehe t of 1 Seotiphtlyibe BrafiC e RUER ihOehtith phovitedIRRNGY SPIoing kT AR Oty

dr awi ngscompaskd ofiPhyskal VaparReposition @VD)P deptphenylenssulfide(PPS).

correspondi ng el enments, regions and portions and in which:
Figure 1 is a structur resent ation of Poly-p-phenye ' (RPS) .
Figures 2, 3, 4, andlig?iée_r%’ﬁBWH& egcgbp.[ttiogﬁlgfnewué\ﬁggglg? Sﬁﬁllsusgrs %’ltﬂl) ;ﬁiéQISChn%t hod
for patt apwird@s HreRidueiinge thiokRissddSét0gir ditder t6\pPoVidOd mdrdtHorddpiRGnderytending
according to the present i1nvention. . .
of the present invention. It will be obvious, however, to one skilled in the art that the present
invention may be practiced without these details. In other instances, well known process have

not be described in detail in order to not unnecessarily obscure the present invention.

It should be recognized that many publications describe the details of common
techniques used in the fabrication process of integrated circuit components. See, E.g., C.Y.
Chang, S.M. Sze, in ULSI Technology, by The McGraw-Hill Company, Inc. copyright 1997.
Those techniques can be generally employed in the fabrication of the structure of the present
invention. Moreover, the individual steps of such a process can be performed using
commercially available integrated circuit fabrication machines. As specifically necessary to an
understanding of the preseht invention, exemplary technical data are set forth based upon current
technology. Future developments in the art may call for appropriate adjustments as would be

obvious to one skilled in the art.

The method of the invention is summarized in the table below:
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phenylene sulfide (PPS) layer acting as a bottom Anti-
reflective coating (BARC) ;

hg'toremét Pg m34 'dm og’%t;b-?-'e bel |qit

The PR layer exposed with a L'1 ht i the oe
velength between 100 and 500 nm

layer

4 FIG. 3 - etching the conductive layer 26 using the The conductive layer 26 is etched by using
photoresist pattern 34 and as a mask forming a Cly, O, , HBr gasses in a polysilicon etcher
conductive pattern; (e.g., LAM TCP 9400)

5 FIG. 4- remaving the photoresist pattern 34 ;. the removal of the photoresist pattern 34
comprises using a2 CF,and O; ashing
process

6 FIG. S - removing the Poly-p-phenylene sulfide (PPS) | (a) heating the PPS layer to a temperature of

400 °C, a pressure of 10  torr and
vaporizing the Poly—p-phenylene sulfide
(PPS) layer .

P

A summary of the elements shown in the Figs is shown below:



- 6- Table - Overview of the invention's PPS BARC | ayer 30 and conducti ve

| ayer patterning Step Process .

| nportant paranmeters 1 figure 2- form ng conductive | ayer 26 over a
| ayer 26 is a |ower polysilicon |ayer 20 and - sem conduct or
structure 10; an upper polycide |ayer 22; 2
formng a Pol y-p-phenyl ene sulfide (PPS) |ayer 30 the PPS | ayer 30 forned
usi ng a PVD over the conductive |ayer;

process by heating a PPS source at a crucible
tenperature of about 400 [err]C) and a substrate
t enper at MablexfElegtents 400 [err] C, at a pressure
about 1E-6 torr and the PPS | ayer thickness

bet ween 70[E’lél}1eﬁ'@d 5000 [err] 3 Layerforrri ng a photonesist pattern 34

over the W a Light Tn The
phenyl eng—si+ae—(F 1Idrﬂ¥?"{og§ﬁ‘ﬂ§8ﬁ1‘%c Poysp=—wavetength bet ween 100 and
500 nm pheniy. | Thermalsi 1$<?mQX1¢<b| 8 ofudu,é)c. aet+rg—as—a-bot t om Antii -

reflecti VF'ZQ"()BTi ng ( 111001'11 ELG 3. - otchi Rg thelconducti ve | ayer
26 using 2% The copPelyeidess |ayer 26 is etched hy uSi ng
phot or esi{s30 pat t er n BEPSibdtters antiwrefldctive codting @A@I'érr] @ err]
gasses inl a polysiliChvestiort&r conductive pattern;

(e.g., LAM4ICP 9400) | Photoresist FI G 4- renoving the photorjesi st pattern 34;
the renovgdg 6T The PNRIPpRSMaERALLern 34

—

conpri ses usTTig—a CFLeTT] anmd O err]_asnng

process 6 FIG 5 - renoving the Pol y-p-phenyl ene sulfide (PPS)
(a) heating the PPS_.layer to a tenperature of
400 [err]C, a pressurgheinvkAfi@r isla tmethodfod forming Poly-p-phenylene sulfide (PPS) using

Physical Vapor Deposition (PVD) as a bottom anti-reflective coating (BARC) over a

, HBr

conductive layer 26 and patterning /etching the conductive layer 26.

Figure 2 shows the step of forming a conductive layer 26 (e.g., first layer)
over a semiconductor structure 10. The semiconductor structure 10 is understood to pos_sibly
include a semiconductor wafer, active and passive devices formed within the wafer and layers
formed on the wafer surface. The term “semiconductor structure” is meant to include devices

formed within a semiconductor wafer and the layers overlying the wafer.

Figure 2 shows an oxide layer 12 (pad oxide) as part of the semiconductor
structure 10. The oxide layer preferably has a thickness in a range of between about 20 and 100

A. The oxide layer can be a gate oxide for a gate of a FET.

The conductive layer 26 can be composed of a polysilicon having a thickness
in a range of between about 500 and 3000 A. The conductive layer be composed of a two layer

structure with a lower polysilicon layer 20 and an upper polycide layer 22.

The PPS layer 30 can be formed over underlying layers 20 22 26 made of
other materials in addition to polysilicon and polycide such as, dielectric layers (and stacks of
conductive and dielectric layers) and oxide, spin-on-glass (SOG), TEOS oxides or other
silicides such as TiSix or CoSix. The first (e.g., conductive) layer 26 can be composed of other

conductive materials commonly used in semiconductor manufacturing, such as Al-Cu alloys,



vapori zing the Pol y-p-phenyl ene sul fi de

(PPS) | ayer. A summary of the elenents shown in the
Figs is shown bel ow

-7- Table: Elenents El ement Layer 10
sem conductor substrate 12 Thermal silicon oxide (pad oxide)
20 Pol ysi |l i con 22 _ £al ycides 30 PPS

bottom ant i -ref I,ect(éve coatin 4

BARC) * . | ti * %
Phot or esi$fcon niggide (SiN). The undegm'(ng cﬁp%lé#é(e iygsdoes not determine the crystal (s)tr‘JuI%e °

i nvent i ONyJesivid fa@gr form ng Pol y-p-phenyl ene sul fide (PPS) using

Physi cal Vap%r g@g‘ggﬁriﬁh (PVD) as a bottomanti-reflective coating (BARC

over a conductive layer 26 and patterning /etching the conductive |ayer 26.
Invention's PPS BARC Layer 30 formed by PVD

Still referring to figure 2, in a key step, a Poly—p—phenylenemsulﬁde (PPS) layer
30 is formed over the conductive layer 26. Figure 1 shows the chemical structure of Poly-p-
phenylene sulfide (PPS). (Note that PPS is spelled two different ways in literature as both Poly-
p-phenylene sulphide (PPS)(See An Introduction to Molecular Electronics, Edited by
Michael C. Petty, Martin R. Bryce and David Blour, First Edition, Edwird Amold, London
(1995), p245) and Poly-p-phenylene sulfide (PPS) (See US 5,169,494 Col‘3., line 17). Note
that in contrast to the prior art, the invention's PPS layer is not a photoresist layer with PPS as

one ingredient in the photoresist layer.

The Poly-p-phenylene sulfide (PPS) layer is preferably formed using a
Physical Vapor Deposition (PVD) process comprising heating and evaporating a Poly-p-
phenylene sulfide (PPS) source at a crucible temperature in a range of between about 250 and
500 °C (and more preferably between 375 and 425 °C) and a semiconductor structure 10 (e.g.,
substrate) temperature in a range of between about 150 and 300 °C, and at a pressure in a

range of between about 10" and 10  torr (tgt = 1E-6 torr).

The PPS layer may be formed by any other processes, such as Laser ablation
as these techniques develop in the future. However, the invention's PPS Physical Vapor
Deposition (PVD) process has been found superior to all other PPS layer processes. It is
important to achieve the correct molecular weight and structure using the invention's Physical

Vapor Deposition (PVD) process.

The Poly—p—phenylené sulfide (PPS) layer preferably has a thickness in a
range of between about 70 A and 5000 A and more preferably a thickness in a range of
between about 200 and 5000 A. The PPS layer preferably has crystalline orientation and has a
molecular weight between 5000 and 20,000.

As shown in figure 2, a photoresist layer 34 is formed over the Poly-p-
phenylene suifide (PPS) layer 30 .



Figure 2 shows the step of formng a conductive |ayer 26 (e.g., first

| ayer) over a sem conductor structure 10. The sem conductor structure 10 is
understood to possibly include a sem conductor wafer, active and passive
devices formed within the wafer and | ayers fornmed on the wafer surface. The
term "sem conductor structure" is neant to include devices forned within a
sem conduct or wafer and the |ayers overlying the wafer.

Figure 2 shows an oxide |ayer 12 (pad oxide) as part of the sem conductor
structure 10. The oxide |layer preferably hag .a thickness in a range of

bet ween about 20 and 100 A The oxide |ayer can be a gate oxide for a gate
of a FET. The photoresistdayns 34 is priefesalily gempessd o Resin +RAP (Blatoarid a

pol ysilicqn Vi a t.hi ck S inga.r of,, bet ween about,. 5 3000
Part | Thebrbind odalint 55 Fige: apfaGun Y WRGI P Renadd tae BUE Yher o

| ower pol pholor&RR preft@ily 28s 2 BflclaiRss ARG angdNetwisen| aBYE 360b and 5000

The PPS | ayer 30 can be formed over underlying layers 20 22 26 nade of
other materials in addition to polysilicon and polycide such as, dielectric
|l ayers (and stacks of Thophatenesisidayards patiernedtbyi exppsing: the photeresistilayer to (light,
spi n-on- gl,g ( Yinel FC e, LJJafl Ti S I
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conduct i vendrdewlophg theqimtomesyst layerlta form enplonordsistt patternediu boertthe Polg.p-phetiylens
Al-Cu allao
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referring to figure 2 in a key step, a Poly-p-phenyl ene sulfide (PPS)

| ayer The invention's PPS BARC layer improves the photo process accuracy. This

is because the charge accumulated in the photoresist from incident electron can be transferred to
the PPS BARC layer, which becomes more conductive. This prevents the etching profile of

layer 26 from disturbance due to charge accumulation.

The Polysilicon and polycides gates in the 0.25 to 0.18 pm regime require a
BARC layer.

Referring to Figure 3, the conductive layer is etched using the photoresist

pattern 34 as a mask forming a conductive pattern 26.

A preferred etch of the polysilicon and tungsten polycide lﬁ&ers 2022isa

comprises the following plasma gases Cl, Oz , and HBr.

As shown in figure 4, the photoresist pattern is removed. The photoresist
pattern 34 can be removed using any normal photoresist removal process including an ashing
process. The removal of the photoresist pattern 34 preferably comprises using a CF4 and O;

ashing process.

Referring to figure §, the removal of the Poly-p-phenylene suifide (PPS) layer
is preferably performed by heating the Poly-p-phenylene sulfide (PPS) layer to a temperature of
between about 390 and 410 °C, and at a pressure between about 10 and 10 ? torr and

vaporizing the Poly-p-phenylene sulfide (PPS) layer . The PPS vapor is pumped out of the tool.



30 is formed over the conductive |layer 26. Figure 1 shows the chem cal
structure of Poly-p- phenylene sulfide (PPS). (Note that PPS is spelled two
different ways in literature as both Poly- p-phenyl ene sul phide (PPS)(See
An Introduction to Mol ecular Electronics, Edited by Mchael C Petty,
Martin R Bryce and David Blour, First Edition, Edwird Arnold, London
(1995), p245) and Pol y- p-phenyl ene sul fide (PPS) (See US 5, 169, 494 Col 3.,
line 17). Note that in contrast to the prior art, the invention's PPS | ayer
is not a photoresist |layer with PPS as one ingredient in the photoresist

| ayer. The Pol y- p- phe%él ene sulfide (PBS) layer is
preferably fornmed using a Physical Vapor Deposition (PVD) process
conprising heating and evaporating a Poly-p- phenyl ene sul fide (PPS) source
at a crucible tenperature |n a, range of betwe 9&%3; 250 and 500 [err]C
(and nor &hpmostimparianhEeRiaheipyenon e sh "["ﬂ‘r‘f‘]gﬁ €% eni conduct or
structure 10 (e.g., substrate) tenperature in a range of between about 150
and 300 fepfel-C. and at a pressure in a range of between about 10[err] and

10[err] torr (tgt = 1E-6 torr). The PPS | ayer may be
formed by tHeT PTOCESSERG mas (ﬁ@ STHEPOIS IMPOREEENTEChNI quep
devel op i fut ure However , e i nv=nt lon's PPS PhyS| cal Vapor

Deposi ti of ’P‘V’D‘ “ s—h been fuunu F

processes. % r anta?glgchi eve th g?éwm@o 1s HOH ef 228
structure Llﬁéieﬁa the inventjon's Physica é@g process
The Pol y-p- phenyl ene sul fide (PPS) | ayef VﬁP Q) t hi ckness in a
range of Retween _about 70 f—\hr‘l. 5000 A nd.nora o Cfcrab}\' ¢ _R” <s— a
range of |HemevehofBR%t 20p4and 5000 [e A}lPPﬁh@ §‘;{Pg§{é g@%f’@?@ has
crystal | indayeri entati on anfl has a nol e¢EAmgved By brati 8%00 and

20, 000. As shown in figure 2 _a photoresi-st—-ayer—34

is formed over the Poly-p- phenyl ene sul fi de (PPS) | ayer 30.

The invention provides the following benefits:

o The PPS bottom anti-reflective coating (BARC) is easy to remove using the heating
vaporization process. The PPS layer overcomes the problem of the prior art's organic and

inorganic BARC layers which are difficult to remove.

e The PPS BARC layer is easy to apply with the invention's Physical Vapor Deposition (PVD)

method and completely removed using invention's the heating and vaponzatlon process

-

e The PPS BARC has superior planarization. PPS film can be formed by heating PPS source
in a vacuum environment and has highly crystalline structure or nearly single-crystalline
structure with ca. 10 nm thickness. That is, the film is formed layer by layer. It greatly

improves the problems of planarization that normal inorganic or organic BARCs have.

o The PPS BARC provides better line width control over topography, which is an issue

encountered as organic BARC is used.

e The PPS BARC makes CD control more precisely because the PPS film has high etch
resistance in RIE etch.

e Allows the use of very thin layers of PPS film to eliminate or minimize etch bias.
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interference effects
(b) eliminating standing waves
(c) high etch rate
(d) easy to strip

@Y darge topology
(b) less thermal stable <200°C

(c) non-uniform
(d) poor planarization

Invention's
PPS BARC

(a) film thickness easily
adjustable (7 to 500 nm)

(b) uniform

(c) easy to deposit and remove
(d) high thermal stability (400'C)
(e) better line width control over

topology

It should be noted that while the invention's PPS layer has been illustrated in

patterning (PR define and etch) of a conductive layer 26, the invention's PPS BARC layer can be

used to pattern other materials in semicohductors, such as dielectrics (e.g., oxide, SOG etc) and

other conductive and semiconductive layers and multi-layer stacks of these layers. The invention

can be used wherever improved Photolithography performance is needed in semiconductor

manufacturing.

While the invention has been particularly shown and described with.reference

to the preferred embodiments thereof, it will be understood by those skilled in the art that various



vapori zi ng the Pol y-p-phenyl ene sulfide (PPS) |ayer. The PPS vapor is
punped out of the tool.

- 10 - The nost inportant steps in the invention are shown in the table
bel ow. Tabl e: STEP FI GURES REASON STEP | S
| MPORTANT Formati on of PPS 2 & 3 UniformPPS film30 is
formed on | ayer 22 by | ayer 30 heati ng
in PPS source in a vacuum ( Physi cal

Vapor Deposition (PVD)) Removal of PPS 12 - 4 Al PPS
filmis evgporat.e andcrrp,letelgl | ayer . .

r enoved by&ﬁéé?si 14 %Q‘ds%é@lsr%}’e e made without departing from the ppirit andessopaf the

provi des tfgediRlyl oW ng benefits: [err] The PPS bottom anti-reflective
coating (BARC) 1s easy to renove using the heating vapori zation
process. The PPS | ayer overcones the problemof the prior art's organic and



inorganic BARC Iayers which are difficult to renove. [err] The PPS BARC

| ayer. is th the invention's PhyS| cal Vapor Deposition (PVD)
met hod an EM”BA ved using invention's the heating and

vapori zati on proc The PPS BARC has superior planarization. PPS
filmcan be forned by heat| ng PPS source In a vacuum envi ronnent and
has highly crystalline structure or nearly single-crystalline structure
with ca. 10 nmthickness. That is, the filmis-forned |ayer by layer. It
greatly i n$L4W¥S t he probl enms of planarization that normal inorganic or

organi ¢ BARGE n{utied of e{cﬁx'hg batteti€in g&sﬁﬁ%ﬁémbﬁeaems behprisingathwbtpsofcont r ol

over topography, which an | ssu encountered as organic BARC is
used. [err] The PRS Hor@ngakies lgRr ovena SMIPBAUCIYSEUFYE] v because the PPS

filmhas high etch esi st use of
very thin | gyer s of I%S @ngta?& La Rﬁ?{xgiege gélﬁﬁ'e g)pn‘? Egér]ovexﬁgakpm@t 15%?

[err] Enables the use) offoa;amgIalmmsamemcMPdmmqﬂerpmtﬁds£PPS) layer;
It is well known there are L. nor gan ni c
BARCs. The advant ages and“ﬂa’mg' 5@%"‘3&‘5&? 8 @aerlaﬁm{%aé%% nﬁmq%g]l or
conparison: Table: Corrp@[,atﬁ-@n(metmg)he I nvention's PPS BARC with organic and

I norgani ¢ BARC | ayers
d) etching said first layer using said photoresist pattern and as a mask forming a

first pattern;
e) removing said photoresist pattern;
* £)~” removing said Poly-p-phenylene sulfide (PPS) layer.

2. The method of claim 1 wherein said first layer is comprised of polysilicon.

3. The method of claim 1 wherein said first layer is a multi-layer stack.

4. The method of claim 1 wherein said first layer is comprised of a material selected from the group
consisting of conductive and dielectric substances.

5. The method of claim 1 wherein said first layer is composed of a two layer structure having 2
lower polysilicon layer and an upper polycide layer.

6. The method of claim 1 wherein said first layer composed of a material selected from the group
consisting of polycide, Ti silicide, Cobalt silicide, aluminum alloys, polysilicon, spin-on-
glass, and silicon oxide.

7. The method of claim 1 wherein said Poly-p-phenylene sulfide (PPS) layer is formed using a
Physical Vapor Deposition (PVD) process comprising heating a Poly-p-phenylene sulfide
(PPS) source at a crucible temperature in a range of beiween about 250 and 500 °C, and a
semiconductor structure temperature in a range of between about 150 and 300° C ,ata
pressure in a range of between about 10°° and 10? torr, and said Poly-p-phenylene sulfide
(PPS) layer has a thickness in a range of between about 200 A and 2000 A; and the Poly-p-
phenylene sulfide (PPS) layer has a crystalline structure and said Poly-p-phenylene sulfide
(PPS) having a molecular weight between about 5000 and 20,000.

8. The method of claim 1 wherein said photoresist pattern is formed by exposing a photoresist layer
over said Poly-p-phenylene sulfide (PPS) layer to light at a wavelength in a range of between
about 100 and 500 nm, and developing the photoresist layer to form said phbtoresist pattern.



1 BARC Advant ages D sadvant ages
Type - | norganic. (a) thin film (a) hard to etch BARC

e TR ey ©

(c) hard to r'emove "

(d) standi ng waves Organi ¢ (a) high adsorbance to reduce (a)

| ar ge t opol ogy BARC interference effects (b) less
thermal stable <200[err]C (b) elimnating standing waves
(c) non- thi flde method of claim 1 wherein ghe)remioa o saith phatergsist pattern comprises using a(

poor planarizgj (d) easy to strip I nvention's (a)
filmthickness eaélalshmg BESSBARC adjustable (7 to 500 nm
(b) uni f dOmMThe method of claim 1 wl(e@ém eeagmboal @€ paid Pdlygrphenglens sulfide (PPS) layer

(d) high therma oLy ating sa{cg%ﬁf, Bephenylene sulfide (PPS)(lafferltp ag%a%r'atge wﬁg{%&“

control over rforme%q)y
that while thgpht\se0Lh@B16°¢RRd h@ngesaﬁéb&%ﬁ, 4tolit' 86 an@ 40 BorP 2drdS/apbritiind PR

define and etch) of a conductive layer i nvention's PPS BA Iayer
can be used t said@olepphenyhene snifide (PRS)dayien. semi conduct ors, such as
dielectrics (e.g., oxide, SOG etc) and ot her conductive and sem conductive
| ayers and nulti-layer stacks of these |layers. The invention can be used
wher ever inproved Photolithography performance is needed in sem conduct or

manuf act urli n4.method of etchmg patterns in condhictive liyees dompeisingalte e dfieen
particularly shown an g cribed wi.th reference to the preferred
t

embodi ments thereof, 2 ing sandyctivs BYHoRven ¢ SERIGERAUSIAr I the art t hat

vari ous b) formmg a Poly-p-phenylene sulfide (PPS) layer consisting of PPS over said
conductive layer; said Poly-p-phenylene sulfide (PPS) layer formed using a
Physical Vapor Deposition (PVD) process; '
c) forming a photoresist pattern over said Poly-p-phenylene sulfide (PPS) layer;
said Poly-p-phenylene sulfide (PPS) layer acting as a bottom Anti-reflective
coating (BARC) ;
d) etching said conductive layer using said photoresist pattern and as a mask
forming a conductive pattern;
e) removing said photoresist pattern ;
f) removing said Poly-p-phenylene sulfide (PPS) layer using a heatmg process.
12. The method of claim 11 wherein said conductive layer is composed of a two layer structure
with a lower polysilicon layer and an upper polycide layer.
13. The method of claim 11 wherein said Poly-p-phenylene sulfide (PPS) layer formed using a
Physical Vapor Deposition (PVD) process comprising heating a Poly-p-phenylene sulfide
(PPS) source at a crucible temperature in a range of between about 250 and 500 °C and a
semiconductor structure temperature in a range of between about 150 and 300°Cata
pressure in a range of between about 10 and 10” torr, and said Poly-p-phenylene sulfide
(PPS) layer has a thickness in a range of between about 200 A and 2000 A; and the PPS
layer has a crystalline structure and said Poly-p-phenylene sulfide (PPS) having a molecular
weight between about 5000 and 20,000.



i1
3

i- 12 - changes in formand details may be made w thout departing fromthe
spi ritripnd scope of the invention.

- 1301 !'Uw” . A nethod of etching patterns in layers in
sem ¢ onprising the steps of: a) formng

a first layef oW%ersasseniconductor structure; b) formng
a Pol y- p-phenyl ene sulfide (PPS) |ayer over said first |ayer;

c) formng a photoresist pattern over sai q Pol y- p- phenyl ene sul fi de (PPS)
| ayer; sai d Pol y-p- Bh‘enyl ene sul fide (PPS) I|ayer

acting asif Prd meHbL 6t dlainel 1 Whdrbid Said g_hotoresist pattern is formed by exp6§#aH 4 PibtdrBMEC) ;
d) etching said first |ayer using said-photoresist pattern and as a mask
forming a layer over said Poly-p-phenylerfej sulfide (BRS) daygr to light at a wavelength in a ragge of

renovi ng said r.esi t , : : ' .sai d
Pol y- p- phenyl eﬁ%‘gée& @?%‘:5?@%%5%@% @dzéwﬁlﬂ%n%%eﬁggoge%kclf}gﬁ??%h\?\ﬁg\ael?ei n said
first |layer i splotorpsistpaterof pol ysilicon. 3. The nethod of claim 1 wherein
said firstel ' [+ [ St 0 ' kN
S22 Ehohi i LLkRAPa R Bl ty KL PATRARGetln MBI
and O, ashing process. . : - @l
16. The method of claim 11 wherein the removal of said Poly-p-phenylene sulfide (PPS) layer
performed: by heating said Poly-p-phenylene sulfide (PPS) layer tc a temperature of between
about 390 and 410 °C, and at a pressure between about 10” and 10® torr, and vaporizing

said Poly.-p-p'ﬁénylene sulfide (PPS) layer.

17. A method of etching patterns in conductive layers éompdsing the steps of:

a) forming conductive layer over a semiconductor structure;

b) forming a Poly-p-phenylene sulfide (PPS) layer consisting of PPS over said
conductive layer; said Poly-p-phenylene sulfide (PPS) layer is formed using a
Physical Vapor Deposition (PVD) process;

said Poly-p-phenylene sulfide (PPS) layer formed using using a

Physical Vapor Deposition (PVD) process comprising heating a Poly-p-
phenylene sulfide (PPS) source at a crucible temperature in-a range of
between about 250 and 500 °C, and a semiconductor structure temperature
in a range of between about 150 and 300 ° C, at a pressure in a range of

~ between about 10”° and 10? torr, and said Poly-p-phenylene sulfide (PPS)
layer has a thickness in a range of between about 200 A and 2000 A; and
the PPS layer has a crystalline structure and said Poly-p-phenylene sulfide
(PPS) having a molecular weight between about 5000 and 20,000 amu;

c) forming a photoresist pattern over said Poly-p-phenylene sulfide (PPS) layer;
said Poly-p-phenylene sulfide (PPS) layer acting as a bottom Anti-reflective
coating (BARC);

said photoresist pattern is formed by exposing a photoresist

layer over said Poly-p-phenylene sulfide (PPS) layer to light at a wavelength



consi sting of conducti ve and dielectric substances. 5. The nethod of claim
| wherein sa i s conposed of a two |ayer structure having a

| ower polys m [ml}@ﬁmﬂan upper polycide layer. 6. The nethod of claim
1 wherein s «conposed of a material selected fromthe group
consisting of polycide, Ti silicide, Cobalt silicide, alumnum all oys,

pol ysilicon, spin-on- gl ass, and silicon oxide. 7. The nethod of

claim1 wherein said Poly-p-phenyl ene sul fidg,(PPS) layer is fornmed using a
Physi cal Vapor Deposition (PVD) process conprising heati ng a

Pol y- p- phenyl ene sul fide sourc cruci erature in
a range of between about ‘%@n%ﬁﬂbfrt}t'ﬁe[‘é"?‘]td()%éﬁésgo nm, an de r]&)’r’i‘ﬂuctor

structure tenperature inNpgotbRE89a tdPRINRAD pAGBHEisteand 300 [err]C ,at a
pressure in a range of between about 10£err]p and 10[err] torr, and said

Pol y- p- phenyl ene sul f) deetching said congymgjve 9élyfel|‘5mﬂa§§1dePhPFﬂf%5!§hE§?m tndasagmask of

bet ween about 200 [err] ?d?ﬂméoﬁ&nhﬁ&fv]e @é}ﬁl the Poly-p- - phenyl ene
sul fide (PPS) |ayer has a cr 't ne ructure and sai d Pol y- p- phenyl ene
sul fide ( PPSE) havmngmasatdlpbmotmstmec@hmdbet ween about 5000 and -

20,000. 8. Th th '
formed by ex pogi E aq)ghotegl wgg g]?'&lpwl}'ét; -Sﬂeny?‘e%é gulﬁ{i;eeﬁggﬁgérﬂgﬁ@ %élﬁnwl SP%%%
sulfide (PPS) layer to |ight at athmmloeﬂ@fkaxd Bo@pﬂfbggleﬁémﬂﬁde\/@l?ﬂ) layer

about 100 and 500 nmand, deye) Op ikl 15 HIRL R e bEEL 1Y LS @

- 14 - 9. The nethod of @é@gmtdfe\e(@s&%&, wastmrmaaho@é ﬁalaﬂams&és&wa&n

pattern corrprlses usi ng-a err] ashin rocess. 10. The

met hod of claim1 wherei abautd07 andidil toot v@onvngsipdghgr}ypmle%ﬂﬂﬁ@eﬂ’l’s)
(PPS) | ayer perforag;gld by heating said Pol y-p-phenyl ene sul fide (PPS)
| ayer to a tenperature 011 et ween about 390 and 410 [err]C and at a
pressure between about 10[err] and 10[err] torr, and vapori zing sai d
Pol y- p- phenyl ene sul fide (PPS) | ayer.

18. The method of claim 17 wherein said conductive layer is composed of a two layer structure
with a lower polysilicon layer and an upper polycide layer.
19. The method of claim 17 wherein the removal of said photoresist pattern comprises using a CF,

and O; ashing process.



11. A method of etching patterns in conductive |ayers conprising the steps
of : a) formng conductive | ayer over a sem conduct or
structure; b) fornming a Poly-p-phenyl ene sul fide (PPS)

| ayer consisting of PPS over said conductive | ayer;
sai d Pol y-p-phenyl ene sulfide (PPS) |ayer forned using a

Physi cal Vapor Deposition (PVD) process; c) formng a
phot or esi st pattern over said Poly-p-phenylgne sulfide (PPS) layer;

said Poly-p nXLene sul fide %PPS | ayer acting as a bottom

Anti-refl ecf’f{)’(ﬁg VAPOR DEPOSITION P LY—p—PI‘@gglgl; YIEARE)FILM AS A BOTTOM

d) etching said conducti STI-RFELEGIIVE L N@o‘t%ﬂéﬂ%@“pattern and as a

mask form'ngac tve pattern

e) renoving said photor atte aid
Pol y- p- phenyl ene sul f4 ﬁ'(‘f-‘ﬁ@) afteung Wﬂﬁlvﬁ l'l?gﬁt‘?‘ﬂ%aﬁpﬁ%ﬁt”f Ct"]"ﬁé"oatmg
net hod o{BAR®) abﬂ:ﬁoseb %Pb@-ﬁ@h&ﬁ&mﬁtde\(ppsmm 30 forﬁeatwﬁxgct PHysRal wpdrayer
structure ovverergo ysilicon | ayer and an upper poI yci d

| ayer . @epqweom&mai pmcessr aherPPS BARE 30 s easy & remoyeang hansupsrier sranmzaaon
(PPS) laﬁé gmﬁ nﬁg Physi cal Vapor Deposition (PVD) process
conpri si ng =6 y- p- phenyl ene sul fide (PPS) source at a

cruci bl e terrperature in a range of between about 250 and 500 [err]C and a

seni conduct or st r apt Ubemingropadwdtive dayien 26 d@ﬂg@emﬁoxktﬁicm%&u&bwto 150 and 300
ssure in a range o n about 10[err] and 10 err]

C
ng aﬁg Sai d PoP} - pfSﬁH@ﬁ)f‘l Relepsphenylgas sulfide ﬁ%eﬁirle}erﬂ&wﬁr FAid cendugtive

in a range of between t S | ayer has
a crystalline struct. urghggé)hg Q%ﬁé D%Bgﬁtldg’yl(ggg)?%?ge (PPS) having a
nmol ecul ar vkl gﬂotmh:gta/ﬂmnomhammsﬁm averd s POy9p-phenylene sulfide (PPS)

layer 30 ; said Poly-p-phenylene sulfide (PPS) layer acting as a bottom Anti-
reflective coating (BARC);

d) etching said conductive layer 26 using said photoresist pattern 34 and as a
mask forming a conductive pattern;

e) removing said photoresist pattern 34 ;

f) removing said Poly-p-phenylene sulfide (PPS) layer by heating and
vaporizing said Poly-p-phenylene sulfide (PPS) layer.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



{ - 15 - 14. The nethod of claim 11 wherein said photoresist pattern is

! formed by exposing a photoresist | ayer over said Pol y-p-phenyl ene

- sulfide (PPS) layer to light at a wavel ength in a range of bet ween-
about 100 and 500 nm and devel opi ng the photoresist |layer to formsaid
photoresi st pattern. 15. The nethod of claim 11l wherein the renoval of said
phot oresi st pattern conprises using a CF4 and 02 ashing process. 16.
The net hod of claim 11 wherein the renoval of said Poly-p-phenyl ene sulfide
(PPS) | ayer performed by heating said Poly-p-phenyl ene sul fide (PPS)
| ayer to a tenperature of between abbit 390 and 410 [err]C, and at a
pressure between about 10[err] and 10[err] torr, and vapori zi ng sai d
Pol y- p- phenyl ene sul fide (PPS) | ayer., 17. A met hod ofy etching patterns
in conductive | ayers conprising the a) formng
conductive |l ayer over a sem conduct Qr—s S —- b)
form ng a Pol y-p-phenyl ene sul fi de (\PPS onsi sting of -PPS over said
conductive |layer; said Poly-p-phenyl 8ne sulT1de (PPS) | r is formed using
a Phy ¥ £y —YapPere Bepgaket il § RYRe pngS%S':
sai d Pol y-p-phenyl ene sulfide (PPS) |ayer fTorned using using a

Physi cal Vapor ‘ﬁgp?s?;on (PVD) process conprising heating a Poly-p-
ifde (P

phenyl ene sul f sourc¢ at a crucible tenperature in a range of
bet ween about 250 and 500 [err]C, and a semi conductor structure tenperature
in a range of between about 150 and 300 [err]C, at a pressure in a range of
bet ween about 10[err] and 10[err] torr, and said Pol y-p-phenyl ene sul fide

(PPS) | ayer has a thickness in a range of between

about 200 A and 2000 [err]; and the PPS | ayer has a
crystalline structure and said EQJM;E_

(PPS) having a nol ecul ar wei ght~bet wgé
c) formng a photoresbat tter
3.3 fde (PPS) |ayer

| ayer; ~> a6

acting as a bottom ARté {:gﬁ eCt e coating (BARC);
sai d photoresist pattern.i orned by exposing a photoresqst
| ayer over said Pon-p-ph?qglen, sulfide (PPS) |aver to lifght at a
wavel engt h —= /

nd 20, 000 anu;
ghenyl ene sul fide (PPS)

oF |
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- 16 - in a range of between about 100 and 500 nm

and developing the photoresi st |layer to formsaid
phot or esi st pattern; d) etching said conductive |ayer
usi ng said photoresist pattern and as a nmask : form ng
a conductive pattern; e) renoving said photoresist
pattern; and f) renoving said Pol y-p-phenyl ene sul fide

(PPS) layer using a heating process; :

the removal of said Poly-p-phenylene sulfjide (PPS) |ayer

performed by heating said Pon-p-phenerné sulfide (PPS) |ayer to a
tenperature of between about 390 and 410 [err]C, and at a pressure between
about 10[err] and 10[err] torr, and vapori zing said Pol y-p-phenyl ene

sul fide (PPS) | ayer. 18. The method of claim 17
wherein said conductive |ayer is conposed of a two | ayer structure

with a |lower polysilicon |ayer and an upper polycide layer. 19. The net hod
of claim 17 wherein the renoval of said photoresist pattern conprises using
a CF4 and (Jerr] ashing process.
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